Summnary. The sites of gibberellin (GA) synthesis in light grown sunflower plants were studied. The results of organ excision and the exogenous application of indole acetic acid and gibberellic acid indicated that gibberellin synthesis occurred in the young leaves of the apical bud. This was substantiated using a combination of diffusion and extraction techniquies. Diffusion of suinflower apical buds on agar for 20 hours revealed a level of gibberellin greater than that obtained by solvent extraction of a similar number of apices, indicating that synthesis of gibberellin was occurring in those apices during the diffusion period. The gibberellin level of apices extracted following a 20 hour diffusion period was the same as that obtained from buds extracted immediately following excision from the plant, again sulggesting that apical buds are sites of gibberellin synthesis. A similar experiment was conducted with young internodal sections, the results indicating that they were not sites of gibberellin synthesis.
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The ability of various parts of sunflower plants to produce gibberellin as measuired by the agar diffusion technique was correlated to internode elongation, the region of maximum gibberellin production being associated with the region of maximum extension growth.
Root tips were also shown to be sites of gibberellin synthesis, this ability beinig confined to the apical 3 to 4 mm region of the root.
It was pointed out in an earlier paper (12) that the site or sites of gibberellin synthesis in higher plants have not been fully established. Translocation of applied gibberellin in plants occutrs so freely (10, 17) employed by Lockhart (9) were used in the present work in an attempt to determine the organ ( s) of natural gibberellin production in light-grown stunflower. The site of auxin synthesis in corn coleoptiles was demonstrated by van Overbeek (11) using a combination of extraction and diffusion techniques, showing that in such coleoptiles auxin was synthesized at the tip. An agar diffusion technique similar to that devel-oped for auxin studies was used for the collection of gibberellins from sunflower apical buids (7) , and experiments described in this paper provide further information as to the site(s) of native gibberellin synthesis in sunflower using methods similar to those described by van Overbeek (11).
Materials and Methods
Helianthus annuus (var. Tall Single) was tused at variouis developmental stages. Nine week old plants were grown in 10 cm pots containing John Innes compost, while 10 to 16 day old-seedlings were grown in the same mixture in wooden trays. Seedlings from which root tips were to be excised were grown from dehusked achenes which were allowed to germinate on moist tissue paper in covered plastic dishes. All plants except the seedlings from de-nutrient solution. Nine to 10 week old plants were used wlhen the fourth internode (numbered acropetally) was commencing elongation.
Both gibberellic acid (GA.,) and IAA were applied as suspensions in lanolin paste. These were prepared by dissolving the hormones in a minimal volume of methanol which was then beaten into lanolin to effect an even dispersion of the hormones throughout the paste. Analyses of variance were performed on growth measurements. Growth increments expressed as percentages were converted to angles, the analysis being performed on the transferred data. Treatment means were then compared by the Q test method described by Snedecor (14) .
Agar diffusates were obtained from various organs using the technique described by Jones and Phillips (7) . The preparation and subsequent extraction of the agar was accomplished in a manner similar to that described by the same workers.
Extracts of apical buds were obtained by homogenizing the tissue in a \Varing blendor, followed by extraction with 80 % (v/v) methanol for 24 hours at 20. (12) , and the lettuce hypocotyl assay (6) . 
Results
Organ Excision. Lanolin preparations of both IAA and GA3 were applied to intact and decapitated 9 week old sunflower plants. Decapitation describes excision of the apical bud and leaves at the node above internode 4 leaving this internode intact. Lanolin preparations were applied to the cut surface of the stem immediately following excision in decapitated plants and to the leaf pair above internode 4 in entire plants. The length of the fourth internode was measured every 2 days for 8 days and the growth increment expressed as a percentage of the original length ( fig 1) . Decapitation of mature sunflower plants resulted in a significant reduction of the length of this internode, in comparison with the intact control. This reduiction in internode length was overcome by application of GA3 at 5,000 and 1,000 jg/g while application of IAA at the same concentrations had no stimutlatory effect on the growth of the decapitated fourth internode. Similarly, application of GA3 to intact plants stimulated elongation sign;ificantly as compared with intact control plants, but did not cause a significantly higher rate of growth than that seen in GA3 treated decapitated plants. IAA did not stimulate internode extension in intact plants.
From these results, it would appear that GA3 was limiting internode extension to some degree in entire plants and that this was more evident in decapitated plants. It would also appear that auxin was not limiting extension growth in either intact or decapitated plants. The IAA was probably not supplied in supra-optimal amotunts, for similar resillts were obtained with IAA concentrations as low as 10 lug/g in lanolin. Adopting the argument put forward by Lockhart (9) it wouild seem reasonable to assuime that as GA3 completely replaces the need for the apical bud with respect to internode elongation, then GA3 or a similar suibstance is produtced in the apical bud and is necessary for the maintenance of internode elongation.
An attempt was then made to determine whether this substance was produced in the apical dome and leaf primordia, or in the young expanding petiolate leaves of the apical bud and main stem. Excision of only the apical dome and leaf primordia from 9 week old sunflower plants did not result in a significant reduction in elongation of internode 4, whereas excision of the matturing and mature petiolate leaves caused a significant redtuction in internode elongation (fig 2) . This (fig 2) , indicating that in stuch internodes GA3 was limiting extension growth, but that photosynthate was not.
As the petiolate leaves of the apical buid and stem appear to be the major source of the gibberellin-like stubstance(s) necessary for internode Ten of these were uised for measuirement of internode elongation rates; the remainiing 50 were separated into apical bud(ls, leaves, and interno(les as iildicate(l in figure 5 . Mleasuirements of the lengths of interinodles 1 to 5 were made 24 houirs prior to the diffusion period and final measurements taken 24 houirs following terminationi of this (the (liffuisioIn) periodl. Diffuisates were obtained from the various organs as previously described )ehuisked suinflower achenes were sown on moist tissuie paper in covered p!astic (lishes. Two days after sowing, 3 to 4 mm long portions were excised from the apical part of such roots and allowed to diffuse on agar blocks, 4 mm in diameter. Although several experiments indicated that such root tips contained gibberellin-like substances which could be collected in agar blocks, the results did not indicate whether the tips actively synthesized these suibstances. Experiments similar to those performed with shoot apical buds were repeated using root tip sections ( fig 6) . The restults indicate that these organs are in fact sites of synthesis of GA-like suibstances. A similar experiment was performed using root segments obtained from a zone 4 to 8 mrm behind the root tip, this region having ceased elongation and bearing root hairs. The results of this experiment (fig 6D, 6E, 6F ) differ markedly from those with the apical portion of the root ( fig  6A, 6B, 6C) , and, adopting the argument of van Cverbeek (11) , this region of the root cannot be considered to be a site of gibberellin synthesis.
Discussion
The results presented here lend support to the conclulsion reached by Lockhart (9) (fig 4) is due not to a decrease in gibberellin levels buit to an increase in the amotunt of nattural gibberellin inhibitors which would mask the gibberellin-induiced response during bioassay. Diffulsates have been assayed with barley half seeds, an assay method proven to be specific to some natural GA-inhibitors (4), but no inhibitory stubstances were detected.
There seems little doubt that stunflower roots are also sites of gibberellin synthesis, and that this ability is localized in the apical portion of the root. Kinins have also been shown to be prodtuced in sunflower roots (8) and as is the case for gibberellin, the locus of kinin production is confined to the apical portion of the root (15) . It cannot be conclulded, however that all the GA-like substance(s) present in root exudate (3, 12) is produced in the root tip. Nevertheless, the roots can now be described as organs of gibberellin synthesis, althouigh the physiological significance of the GA thuls produiced can be determined only by fuirther experimentation. rx u :-r= u
